It has been shown that there was a marked increase in the incorporation of <SUP>32</SUP>P into the phospholipid fraction when secretion of amines from the adrenal medulla (1, 2), enzyme from pancreas (3, 4) or the salivary gland (5, 6 ) and other substances from respective glands (7) were stimulated with cholinergic agents. From these striking phospholipid effects, it has been considered that phospholipids may play a role in the active secretion of proteins by exocrine glands and of amines by the adrenal medulla (7) .<BR> However, as to the time courses of acetylcholine-stimulated <SUP>32</SUP>P incorporation into phospholipids of the adrenal medulla, and of acetylcholine-evoked amine release, it was observed that amine release reached a maximum after 10 min ; in contrast <SUP>32</SUP>P incorpora tion into phospholipids became apparent only after this interval of time (2) . Furthermore, calcium ion had little influence on stimulating phospholipid effects of acetylcholine in the adrenal medulla (8) or pancreas slices (4), while their secretions in response to acetylcholine were completely inhibited by omission of calcium. Another possible role of the increased phospholipid metabolism might be involved in a post-process of chromafiin cells after the stimulated secretion.<BR>
The present work represents efforts to trace the role of phospholipid metabolism of the adrenal medulla in reference to the possible &ldquo;recovery process&rdquo; of the tissue after the stimulated secretion.
METHODS
Guinea pigs weighing 400 to 600 g were killed by decapitation. The adrenal glands were removed and immediately placed in iced saline. The glands were cut into slices about 0.5 mm.
The frill of cortex around the medulla of each slice was trimmed off with scissors.
To minimize variations due to the heterogeneity of the tissue, the medullary slices were divided into 6 to 8 pieces.
Average weight of the slices per flask was about 40 mg.
Incubation was carried out at 37 C in 30 ml flask containing 1 ml of a modified Locke's saline (normal saline) of the following composition: NaCI, 154 mM: KC1, 5.6 mM; CaCI,, togogues in calcium-free medium, the slices were preincubated for 30 min in the calcium free medium. The calcium-free medium used was normal saline from which CaCI9 had been omitted. The medium contained 950/0 0,+5'1 CO, as the gas phase. 32P was added to the medium as orthophosphate-32P (Daiichi pure chemicals , Japan), radioactivity in the incubation flask being about 0.4 mCi/ml. Incubation times and con centrations of experimental substances are given in the legends for each figure. In the study of the incorporation of 32P into phospholipids of the adrenal medulla "during stimulation or exposure", secretory agents, e.g. acetylcholine, nicotine and excess potassium, were added with 32P just before incubation. In the case of "after stimulation or exposure", the slices were incubated with 32P, immediately after they were exposed to above secretory agents followed by on the funnel washing (for about 2 min) with saline or to electrical field stimulation in the glass superfusion chamber.
The glass superfusion chamber consisted of open end tubes (0.4 cm diameter, 2.5 cm, length) mounted vertically. Warmed oxygenated saline was pumped through the chambers at a constant rate of 0.4 ml/min. Methods of preparation of the chamber and of elect rical field stimulation were essentially similar to that described by Katz and Kopin (9) . After incubation the media were removed and 3 ml of cold 0.3 N HC1O4 were added to each flask. The phospholipids and labile esterified phosphates of the tissue were extracted as described by Mule (10) . The resultant dried phospholipid fraction were dissolved in 60 Id of chloroform and aliquots were taken for thin layer chromatography and phosphorus analysis.
Phospholipids were analyzed by unidimensional chromatography on silica gel G (Merk)
plates 0.25 mm thick. The solvent used was diisobutyl ketone-acetic acid-water (40 : 25 : 5, v/v). After chromatography, the plates were dried at room temperature, covered with a plastic film, stapled to sheets of Fuji no screen X-ray film, and placed in film holder. After 2-4 days of exposure, the chromatograms were superimposed over the autoradiograms and the spots were circled. Different phospholipid spots on the silica gel G plate were scraped off and transferred to liquid scintillation counting vials. Ten milliliters of phosphor solution were added and the samples counted in the Tri-Carb liquid scintillation spectrometer.
No corrections for 100% efficiency were made in the sample. 32P incorporation into phos pholipids is expressed in terms of the ratio of count/min of the indivisual phospholipid spot to beg of phospholipid phosphorus which was equal to the amount of the chloroform aliquot applied to the plate. The phosphorus content of phospholipids were determined by a slight modification of the method of Fiske and Subbarow (11) .
The indivisual phospholipids revealed by chromatography were identified by the follow ing methods. Guinea pig cerebral cortex and adrenal medullay slices were incubated with 32P or radioactive precursors for 60 min , and the chloroform lipid extract was chromato graphed on the thin layer. For the identification of phosphatidic acid (PA), the correspond ing to Rf 0.65 was scraped off. After extraction with chloroform-methanol (1 : 1), the eluate was condensed and hydrolyzed in mild alkali by the method of Dawson (12) . The hydrolyzate was applied on paper, developed with water saturated phenol-acetic acid-ethanol (100: 10 : 12, v/v), and methanol-formic acid-water (80 : 13 : 7, v/v). The radioactive spots developed by autoradiography and authentic a-glycerophosphate spots determined by the phosphorus stain were compared. Phosphatidylcholine (PC, Rf 0.40) was identified by cochromatographing authentic 1-a-lecithin and lipid extract of the brain cortex and adrenal medullary slices incubated with choline-"C and 32P on the thin layer. Phosphatidy linositides (PI) were identified by a method similar to that described for PA, except the spots corresponding to Rf 0.29 were aimed. The radioactive product, glycerylphosphorylinositol (GPI) was chromatographed on paper with water saturated phenol-acetic acid-ethanol (100 : 10 : 12, v/v), and with methanol formic acid-water (80 : 13 : 7, v/v). The radioactive GPI spot appeared in the area of the paper chromatogram corresponding to the location of GPI reported previously by Dawson (12) . Lipid extracts of the tissues incubated with myo-inositol-3H and 3YP were also cochromatographed on the thin layer. Color reactions given by rhodamine 6G, phosphomolybdic acid and ninhydrin were also used for the identi fication. Spots with minor labeling were not analyzed.
Catecholamines were determined in the incubation medium and in the superfusate by ethylenediamine condensation method (13) . When slices were incubated with 32P and acetylcholine (0.1 mM) for 20 min (eserine was not added), 32P incorporation into PA, PC and PI were stimulated by acetylcholine (Fig. 1 , the left half). In the slices which had been exposed to acetylcholine (0.1 mM) for 9 min followed by washing (for 1-2 min), increase in the 32P incorporation was also observed in the phosphatides so far studied (Fig. 1 , the right half). Similar results were obtained with 1.0 mM of nicotine (Fig. 2 ). Excess potassium (56 mM of KCl) also stimulated the 32P incorporation into the phosphatides of the slices which had been incubated with 32P for 15 min. Even after 5 min increases were significant (Fig. 3 , the left half).
In the slices exposed to excess potassium for 2 min then followed by washing, increases in the J2P in corporation were also observed in the phosphatides (Fig. 3 , the right half).
Release of catecholamines and 32P incorporation into phospholipids of the adrenal medulla after electrical field stimulation
As removal of the electrical stimulus is simple, it is useful for analysis of "recovery process", if this stimulation might give the tissue in a similar manner to physiological one.
It was determined how electrical field stimulation evokes release of catecholamines from the adrenal medullary slices in reference to the calcium dependence. The results showed that FIG. 1. Release of catecholamines from adrenal medullary slices evoked by acetylcholine (0.1 mM) and 32P incorporation into phospholipids of the slices during and after exposure to acetylcholine (0.1 mM) in normal saline. After preincubation of the slices for 30 min, acetylcholine was added and catechol amines in the medium were determined every 3 min (the left above).
Each value of catecholamine release represents the mean of three experiments.
Adrenal medullary slices after preincubation for 30 min were incubated for 20 min with orthophosphate 32P (0.4 mCi /ml) , acetylcholine (0.1 mM). Labeled phospholipids were determined (the left half). Another slices were incubated for 20 min with 'T (0.4 mCi/ml) immediately after they were exposed to acetylcholine (0.1 mM) for 9 min followed by washing, and labeled phospholipids were determined ithe right half). Each point is an average of three to five indivisual values and each vertical bar is standard error of the mean. PA, phosphatidic acid ; PC, phosphatidylcholine ; PI, phosphatidy inostitides. After preincubation of the slices with orthophosphate 32P (0.4 mCi/ml) for 15 min before the addition of potassium chloride (56mM), and for 20 min after this addition, labeled phospholipids were determined (the left half).
Other slices were incubated for 20 min with 3 21? (0.4 mCi/ml), immediately after being exposed to potassium chlo ride (56 mM) for 2 min followed by washing. Labeled phospholipids were determened (the right half). However, increased release was found after the stimulation was discontinued ("after release") (Fig. 4 , the left above).
In the absence of calcium the stimulation elicited release apparently and "after release" was also found. At the same frequency and duration, 15 mA elicited release in both normal and calcium-free saline, that in normal saline being less than that in calcium-free (Fig. 4 , the right above)
Stimulation of 15 mA produced somewhat discoloration of the slices.
When the slices which had been stimulated by the electrical field stimulation in normal saline were immediately incubated with 32P in normal saline, 32P incorporation into phos pholipids of the slices stimulated by 8 mA did not differ from control, and by 15 mA it was found to fall (Fig. 4 , the right half).
32P incorporation into phospholipids of the adrenal medulla during and after exposure to acetylcholine, nicotine and excess potassium in the absence of calcium Catecholamine releases from adrenal medullary slices evoked by acetylcholine (0.1 mM), nicotine (1.0 mM) and 56 mM of potassium chloride were almost diminished by the omission of calcium as expected (not illustrated). Increases in 32P incorporation into three phos phatides were found in the slices which were incubated with 32P and 0.1 mM of acetylcholine in the absence of calcium (Fig. 5 , the left half).
In the slices which had been exposed to acetylcholine (0.1 mM) for 9 min in calcium free saline followed by washing, 32P incorporation did not change in PA and P1 ( Adrenal medullary slices after preincubation for 30 min in calcium-free saline were incubated for 20 min with orthosphosphate 32P (0.4 mCi/ml) and acetylcholine (0.1 mM) in the absence of calcium. Labeled phospholipids were determined (the left half). Other slices were incubated for 20 min with 32P (0.4 mCi/ml) in normal saline immediately after they were exposed to acetylcholine (0.1 mM) for 9 min followed by washing in the absence of calcium. Labeled phospholipids were determined (the right half).
FIG. 6. 32P incorporation into phospholipids of the adrenal medullary slices during and after
exposure to nicotine (1.0 mM) in calcium-free saline. Experimental details were the same as under Fig. 5 , except for use of nicotine.
FIG. 7. 32P incorporation into phospholipids of the 'adrenal medullary slices during and after exposure to 56 mM of potassium chloride in calcium-free saline. After preincubation of the slices with orthophosphate 32P (0.4 mCi/ml) for 15 min in the absence of calcium before the addition of potassum chloride (56 mM), and for 20 min after this addition in the absence of calcium. Labeled phospholipids were de termined (the left half).
Other slices were incubated for 20 min with 32P (0.4 mCi/ml) in normal saline im mediately after being exposed to potassium chloride (56 mM) for 2 min followed by washing in the absence of calcium and Labeled phospholipids were determined (the right half). Influence of atropine on the acetylcholine effect on 32P incorporation into phospholipids of the adrenal medullary slices during and after stimulation in normal saline When slices were incubated with 32P in the presence of acetylcholine (0.1 mM) and atropine (0.1 mM) for 20 min in normal saline, the acetylcholine stimulated 32P incor poration into the phosphatides were inhibited by atropine (Fig. 8, the left half) . On the other hand, atropine (0.1 mM) did not affect the increased 32P incorporation into phos pholipids of the slices which had been exposed to acetylcholine (0.1 mM) (Fig. 8, the right  half) . FIG. 8 . Influence of atropine on the acetylcholine effect on 32P incorporation into phospho lipids of the adrenal medullary slices during and after stimulation in normal saline. Experimental details were the same as under Fig. 1 . except that atropine (0.1 mM) was added to acetylcholine in the experiments of " during stimulation " (the lelt half), and slices of " after stimulation " were incubated with 32P and atropine (0.1mM) (the right half).
Tissue levels of radioactive nucleotides during and after exposure to the secretory agents
The specific activity of 7-min acid-hydrolyzable phosphate esters, which represented the maximal amount of labeled adenosine triphosphate, was measured in the adrenal medullary slices under the same experimental conditions as shown in Figs. 1-3 and 5-7.
Values of the radioactive nucleotide levels "during exposure to acetylcholine, nicotine and excess potassium in the presence and absence of calcium" and "after exposure to above three secretory agents in the presence and absence of calcium" were not significantly different from control (control values, for example, of the labeled nucleotides in 10' cpm per mg of tissue: 1.05±0.12 at 10 min incubation and 1.46±0.21 at 20 min in the presence of cal cium; 9.8±0.14 at 10 min and 1.39±0.39 at 20 min in the absence of calcium).
DISCUSSION
It has been previously reported that incorporation of 32P into phospholipids was stimulated by acetylcholine in the adrenal medullary slices (1, 2). These phospholipid effects were observed by incubating the tissue with acetylcholine and eserine and 32P for 90 min (1) and by incubating the tissue with 32P for 60 min before addition to the incu bation medium of acetylcholine and eserine and for 20 min after this addition (2) . The main purpose of the present investigation is to determine the 32P incorporation into phospholipids of the adrenal medulla which is going to be in "recovery process" after secre tory response to chromaffin cell stimulants. For this reason, it was necessary for the tissues to be exposed to the stimulants, followed by washing, and added to the incubation medium containing a high concentration of 32P. Furthermore, 32P incorporation into phospholipids must be determined in an as short period as possible, because possible recovery process of the stimulated tissue might be an event within a short period.
Radioactive 7-min acid-hydrolyzable phosphate esters which almost represents labeled adenosine triphosphate were promptly formed with 400 UCi/ml of 32P. Rate of forma tion of the nucleotides was higher at 10 minutes than that at 20 min. Formation of the nucleotides was not affected either in tissues "under exposure to acetylcholine, nicotine or excess potassium" and "after exposure to the secretogogues". Under such conditions, it was shown that nicotine and excess potassium as well as acetylcholine increased 32P in corporation into phospholipids (especially PA and P1) of the adrenal medullary slices in the medium with and without calcium when they were incubated "during exposure." In the present study eserine was not used in combination with acetylcholine, as eserine influenced both catecholamine release and phospholipid metabolism. Excess potassium greatly stimulated the 32P incorporation into phospholipids even 5 min after this addition. Time course of the action of excess potassium on the phospholipid metabolism seemed to be somewhat different from those of acetylcholine or nicotine.
In the experiments with tissues "after exposure," if the secretogogues disappeared by washing process from the receptor of the chromaffin cell which is essential for the above phospholipid effect "during exposure," the resultant tissue may behave reflecting "recovery process." In the present study significant increases in 32P incorporation into phospholipids (especially PA and PI) were also observed of the adrenal medullary slices of "after exposed" to all three secretogogues in the presence of calcium, although values of the specific activity of 32P incorporation into the phospholipids of the tissue "after exposure" were the same (by nicotine) or lower (by acetylcholine or excess potassium) when compared with those obtained "during exposure." In contrast no significant alterations were observed of 32p incorporation into phospholipids of the adrenal medulla which had been exposed to the secretogogues in the absence of calcium. This means that 32P incorporation into phos pholipids could not be stimulated in the tissue "after exposed," unless catecholamine release was activated. It is known that calcium omission abolishes catecholamine sec retion evoked by acetylcholine, nicotine and excess potassium (14) (15) (16) . We consider that the portion of phospholipids in chroinaffin cell that the 32P incorporation was stimulated "after exposed to the secretogogues" in only the presence of calcium might correlate with "recovery process" of the tissue. At present the following possible modes of cate cholamine extrusion are considered from the granules of chromaffin cell: transcytoplasmic diffusion, facillitated diffusion by membrane fusion and exocytosis (14) . In any case an active conformational or lytic change may be evoked in the protein and lipid of granule and cytoplasmic membrane in order to have catecholamine pass through the membranes, although there is a possibility of somewhat different mode of extrusion like that suggested by Whittaker (17) in which it was proposed that the existence of intracellular tubular connections from synaptic vesicles to the external membrane and that calcium in some way enlarges the lumen of these tubles to facillitate the egress of the secretory product.
On extrusion of secretory product, especially in a manner by "facillitated diffusion by membrane fusion" or "exocytosis," a part of phospholipid, especially PA and PI, of the membranes might be actively turning over, and on "recovery process" be resynthesized to
give a resting state.
If the electrically stimulated release of catecholamines from the adrenal medullary slices are dependent upon calcium, the release would be done through at least a part of "stimulus -secretion coupling" . It has been reported that electrical stimuli of low intensity and short duration which are known to depolarize nerve membranes in brain slices (18, 19) , markedly enhance release of norepinephrine-3H accumulated in the atria and brain slices (20) . However, endogenous catecholamine release from the adrenal medullary slices evoked by the electrical field stimulation so far studied could not be abolished by the omission of calcium. Therefore, possible physiological recovery process could not be obtained by electrical stimuli in the present study.
The significance remains unclear of the portion of the increased 32P incorporation into phospholipids of the tissue during exposure to the secretogogues in the absence of calcium.
Anyway, there may be at least two in meaning different portions of the increased 32p in corporation into phospholipids in response to the secretory stimulants on catecholamine release from the adrenal medulla. One is the increased incorporation of 3''P into phos pholipids after stimulation by secretogogues. Another is the increased incorporation during exposure to the secretogogues even in the absence of calcium.
Atropine inhibited the stimulated phospholipid labeling "during exposure" to acetyl choline, and did not alter the increased phospholipid labeling "after this exposure." These results could indicate that atropine inhibits the acetylcholine action on the receptor respon sible for the phospholipid ell'ect, and that atropine do not interfere with the phospho lipid effect which was once activated after secretion. Furthermore, it may become clear that there were not enough amount of acetylcholine to produce "the phospholipid effect during stimulation" in the adrenal medullary slices after exposed to this agent followed by washing.
SUMMARY
Adrenal medullary slices of guinea pig were incubated at 37°C in a modified Locke's saline containing orthosphosphate-32P, and the incorporation of 32P into phosphatidic acid, phosphatidylcholine, phosphatidylinositides, and nucleotides were analyzed.
Nicotine (1.0 mM) and excess potassium (56 mM) as well as acetylcholine (0.1 mM) stimulated the incorporation of J2P into phospholipids (especially phosphatidic acid and phosphatidylinositides) of the slices which were incubated with 32P and these secretogogues ("during exposure") in the presence and absence of calcium.
In the slices which had been exposed to acetylcholine (0.1 mM), nicotine (1.0 mM) or excess potassium (56 mM) in the presence of calcium for 2-9 min followed by washing ("after exposure"), the incorporation of 32P into phospholipids were also increased. In the slices which had been exposed to these secretogogues in the absence of calcium, the in corporation of 32P into phosphatidic acid and phosphatidylinositides were not increased.
Atropine (0.1 mM) inhibited the stimulated phospholipid labeling of the slices "during exposure" to acetylcholine (0.I mM) and did not alter the increased phospholipid labeling "after exposure" to this cholinergic agent .
Formation of the radioactive nucleotides did not differ from control both in the slices "during exposure" and "after exposure" to the above secretogogues .
The results obtained suggest that there may be at least two different portions of the increased ''P incorporation into phospholipids in response to the secretogogues upon cate cholamine release from the adrenal medulla. Possible mechanism of the activated 32P incorporation into phospholipid "after exposure" to the secretogogues has been discussed.
